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Step-by-Step Energy Efficient Construction

Chapter 1 is a quick reference guide that shows
the key elements of energy efficient construction. The
energy features save money, improve indoor air quality,
enhance comfort, prevent moisture problems, and in-
crease the long term durability of the building. The
features shown in the following pages are described in
detail in the other chapters.

To ensure a successful home, follow the concepts
introduced in Chapter 3. The features must be included
in the plans and specifications for the home and de-
scribed thoroughly to the subcontractor responsible for
theirinstallation. Too often, an excellent plan falls short
of expectations because of inadequate attention to the
details.

The positive economic return is an important benefit
of the measures shown in this series of chapters. The
energy savings exceed the additional annual mortgage
costs of the measures. Thus, the payback period, even
when considering the additional payment for the mea-
sures, is typically within one or two years.

Table 1-1 is from Chapter 2 on energy packages.
The 5-Star Home package is a set of energy measures
that exceeds the Model Energy Code and provides an
excellent return on investment. Five-Star Energy Plus
goes well beyond the Model Energy Code, but still
provides an excellent return. The Five-Star Home
Energy Rating may allow for preferential focus from
financial institutions. Contact the Louisiana Depart-
ment of Natural Resources for information on Home
Energy Ratings. (800-836-9589 in Louisiana, or 342-
1399 in Baton Rouge) [on-line at www.dnr.state.la.us/

energy].

Table 1-1
Economic Analysis of Energy Efficient Packages*

Annual Energy Costs ($)

Code Five- Five- Passive
Home Star Star Solar
Home Plus Home**
Heating 444 224 113 135
Cooling 563 290 183 320
Hot Water 396 366 171 220
Lighting 84 56 42 56

Other (Appliances; 356 321 289 321
Service Charges)

Total 1,843 1,258 798 1,052
Annual Energy 585" 1,045 791"
Savings
Typical Additional 2,466" 5,635'" 5,466'
Construction Costs
Extra Mortgage ($/yr) 217" 496" 481
(8% loan for 30 years)
Payback Period (years) 4.2 5.4 6.9
Estimated Rate
of Return (IRR) 53%' 42%' < 29%'

* For a two-story, 2,000 square-foot home in Baton Rouge

** Includes extra cost of 5-Star Home features, additional south-
facing glass, and thermal mass

' Compared to Code Home
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Step-by-Step Energy Efficient Construction

ENeErGY EFFiciENT HomMmES: THE KEY FEATURES

Moisture barrier system — drain water away from foundation; install capillary breaks and 6-mil polyethyl-
ene ground cover; make interior finish airtight; follow careful flashing details for roof, around windows and
doors, and other roof and wall penetrations through which wind-driven rain may leak

Air barrier system — eliminate leakage between conditioned and unconditioned spaces, in particular be-
tween living areas and crawlspaces, unheated basements, attics, and garages.

Continuous insulation system — install insulation as continuously as possible between conditioned and
unconditioned spaces.

O  Exteriorwalls, floors overunconditioned or exterior spaces, ceilings below unconditioned or exterior spaces
(including attic access covers).

O Wall areas adjacent to attic spaces or basement spaces — such as knee walls, attic stairways, and high
interior walls with attic or exterior space behind.

O Wallareas between conditioned and unconditioned spaces — such as band joists, garage walls, basement
stairways, and mechanical room walls.

Select and install energy efficient windows

O Design home with minimal east and west glass area, locate additional glass area on south side for passive
heating in winter months, consider passive solar designs to further reduce heating needs.

O Use double-glazed windows with U-values under 0.65 (R-values of at least 1.54).
O Consider low-emissivity coatings and other high performance features.
O Shade windows in summertime with overhangs or glazing treatments.

Design heating and cooling system for efficiency
O  Size and properly install high efficiency equipment designed for local climate.
O Eliminate potential for backdrafting of combustion appliances.
O Install fresh air ventilation systems to bring in outside air when needed.

Seal ductwork
O Locate ductwork in conditioned spaces.
O Size and lay out ductwork to supply proper airflow; measure airflow to guarantee comfort.

O  Sealall ductleaks, except those in removable components, with mastic or mastic plus fiber mesh; seal leaks
around removable components with UL-181 A or B foil-backed duct tape.

Minimize hot water costs
O  Select efficient equipment, use heat traps to prevent convective loops, install water heater wraps.
O Use water-conserving fixtures and appliances.

Choose energy efficient appliances and lighting
O Install fluorescent or compact fluorescent fixtures, if on over 4 hours per day.
O  Use recessed lights selectively and choose only airtight, IC (insulation contact)-rated lamps.

O  Choose high-pressure sodium or metal halide lamps for exterior lighting with daylight sensors ifused for
security lighting.
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SampLE BuiLbiINgG SEcTioONs - CRAWLSPACE HomE

Figure 1-1
Sample Building Sections - Crawlspace Home

Insulate knee walls to at least R-19; :jeguvizi R-19 to R-25 cathedral ceiling
Install continuous air barrier on g insulation (R-25 to R-30 in
backside of insulation northern Louisiana)
R-30 attic insulation (R-38 Z0X Preferred treatment of knee
in northern Louisiana); con- wall — R-30 in sloped ceiling
sider radiant heat barrier of knee wall spaces; install a
continuous air barrier, such as
Seal air leaks, such as drywall, foam sheathing, or
plumbing penetrations, at housewrap, under rafters
attic floor; flash roofing Seal ducts with
penetrations carefully to mastic; seal
prevent rain transmission ductwork pen-
etrations; R-6 to
i 19 duct meulatlo‘ Ade'quate
/ Soffit vent
,,,,,, % Seal and insulate space /
R-13 continuous under knee wall
. . L a o
wall insulation; in / Minimum double-
horthern Louisiana Seal leaks HVAC unit g glazed with ther-
use R-13 to R-21 into dropped . mal break if metal;
soffits prope'rly sized low-e windows
and installed E
O\CO detector preferred; seal
] and alarm ] jamb spaces .with
Continuous insu- : : non-expanding
lated sheathing: R-11 floor insulation; R-19 @\ foam
R-2 to R-3.6 / in northern Louisiana
e S sk s e
N o _ Seal electrical
Seal all air leaks, especially large leaks, @ penetrations
Earth slopes such as hole for bathtub drain
away from home

I

Capillary-break — Alternative to Continuous 6-mil
moisture impermeable  underfloor insulation: R- polyethylene Crawlspace vent to
materials, such as 5 to R-11 foundation wall ground cover meet code; however,
polyethylene, reduce insulation with 1" ter- E ) pay vents _actually add
moisture transmission mite inspection gap at ' oundation drain with gravel — humidity to homes
through concrete and bottom and filter fabric cover if during warm, humid
wood crawlspace ground level is weather

below exterior grade
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Step-by-Step Energy Efficient Construction

SAMPLE BuILDING SEcTIONS - Two-STORY WITH
CONDITIONED BASEMENT

Figure 1-2
Sample Building Sections - Two-Story with Conditioned Basement

All ducts sealed
and insulated J
with R-6 to R-19

HYAC unit properly sized —
consider locating inside
insulated chamber

Continuous drywall in
chases and dropped
soffits; seal penetra-

tions completely

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

/ h reen
Continuous R-13 Continuous /5 ade scree
insulation (R-13 to R-30 in
R-21 in northern attic
Louisiana) with R- . i S
2.5 to R-3.6 insu- = —=t

lated sheathing

— w — Minimum double glazed
~ Band joist - seal all seams; — low-¢ preferred

install R-13 insulation
Caution: Exte-

rior foam insula-
tion may allow e

CO detector

O/\and alarm Mechanical room

termites to sealed com-

enter home \ pletely from

onter home \ < D — plorely from
EEY]—K — ot

\Freah air vents to

_— ldeal location(g-
meet local codes

= ductwork in
= conditioned

space .
| l
Drainage Capillar
. Y
provided brepaks
6 mil poly

Insulated concrete
form foundation
(caution for ter-

mites in foam)

4-inch gravel bed
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SAmPLE BuiLDING SEcTions - SiLAB-ON-GRADE

Figure 1-3
Sample Building Sections - Slab-On-Grade

Alternative detail: R-30 insulation
between joists, R-19 knee wall with
air sealing cover (such as drywall,
housewrap, or foam insulation
caulked in place) on attic side, seal
joist and blocking under knee wall

Adequate
ridge vent

R-19 to R-25 cathedral ceiling
insulation (R-25 to R-30 in
northern Louisiana)

R-19 to R-25 insulation 2-foot overhang for shad-
between rafters with air ing wipdowa and conducting
sealing cover (such as rainwater away from
drywall, housewrap, or foundation; roof well

foam insulation caulked Airtight, ﬂa@h@de:‘;tﬁgi"iz:t rain
in place) ated recesse P
lights
g Adequate
soffit vent
1\
[ Seal band
------ joi5t areas / i”dow, door al’ld
other interruptions
Continuous R-13 (,;)ndde:;crt;)r ;”:dm::::r h;ifer g in exterior walls
insulation (R-13 to 9y carefully flashed to

R-21 in Northern ~

Seal dropped O efficlent framing | ~ E prevent rain pen-

Louisiana) with R- soffits, chases, and d61"3“5/ etration
25 to R-3.6 insu- other interior
: framed spaces Window and door
lated sheathing jambe sealed with § Double-glazed, low-e
nonexpanding foam windows (with thermal
T T Ta o Tao Ia Ta T break if metal)

Foundation drain
with gravel and
landscaping cloth
cover

Slab with 4" gravel
and a layer of ©-

mil polyethylene
1" termite inspection gap underneath

R-5 slab insulation for
northern Louisiana with

. _______________________________________________________________________________________________________________|
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Step-by-Step Energy Efficient Construction

1. Site Planning

Figure 1-4
Site Planning
Gutter and drain directs Plant evergreens Low branching trees on Overhang on south (2-
water from foundation on north side east and west to foot typical) shades
shade in summer direct sunlight in summer

and shunts rainwater
further from foundation

/

South windows to let in
sunlight during winter
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Slope soil away

~ Use low shrubs and a ground cover
from house

(such as grass) to minimize

~
ground-reflected sunlight entering
\ home in summer

Continuous foundation drain connected to
drain carrying moisture away from founda-
tion. Imbed drains in gravel and cover with
durable filter fabric material, such as
landscaping cloth, to prevent soil intrusion
into gravel

Minimize east and
west windows; use
north windows for
daylighting and
ventilation

Water-saving land- Termite prevention measures:

scaping practices, remove construction lumber and
known as xeriscaping: other wood from soil before backfilling;
substitute mulched obtain termite treatment and long-term,
shrubbery and ground renewable contract from reliable, established
cover for turf grass; where company; consider use of "termite traps," both
used, choose turf grasses that to eliminate pests and to determine if they are
require less water; use drip rather than spray present; if using slab insulation, make sure pest con-
irrigation; shade lawn to reduce evaporation trol company will guarantee home against infestation

6



(Y

2. Footing and Foundation Wall

1.

A

N O MW

&

©

If required or specified, insulate footing and foundation wall — make
footing trench wide enough for foam insulation board. Meet with
pest control company to discuss viability of termite contract with
insulated foundation wall.

Install layer of ©-mil polyethylene as a capillary break; the earth
inside crawlspace should be higher than outside grade.

Set rebar as required and pour concrete.

Build foundation wall.

Waterproof below-grade portion of foundation wall.
Wrap plastic against foundation wall.

If conditioned basement or habitable rooms are located behind foun-
dation wall, insulate exterior with 1-2 inches of foam insulation or
insulate interior of wall.

Cover perforated drain pipe with gravel; install filter fabric over
drainage pipe and gravel.

When backfilling foundation wall, slope earth away from house 5%
(1" vertical for every 20' horizontal). Consider using a high density
fiberglase drainage board over or in place of insulation.

Figure 1-5
Footing and Foundation Wall
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Step-by-Step Energy Efficient Construction

A) For uninsulated crawlspace walls

B)

C)

FOUNDATION ALTERNATIVES

Figure 1-6
Foundation Alternatives

—Concrete block

— ekip foam insulation and wa-
terproofing. The earth inside the
crawlspace should be higher than
outside grade. If not, install a
drainage system.

Foundation drain

Yapor barrier

Form tie Foam insulation

Insulated concrete form (ICF)
foundations — check with manu-
facturer carefully for cost effec-
tiveness, recommended water-
proofing, type of termite treat-
ments, concrete specifications,
reinforcing requirements, and
other stipulations.

Foundation drain

——— Poured
concrete
wall

Pier foundations — insulation
under the floor of pier founda-
tions can deteriorate over time
due to air leakage, moisture,
and pests. For high performance
homes, insulate under the floor
with complete coverage and in-
stall a complete air barrier un-
der the floor joists. Seal all
penetrations through the air
barrier, and caulk all seams and
joints.

Insulate with batts, blown insula-
tion or spray foam insulation,
such as polyrethane or icynene

\
Air-tight,\moiature-proof sheet
material, such as pressure-
treated plywood with housewrap
directly above, under floor joists
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3. Crawlspace or Unconditioned Basement

—

. Install operable foundation vents, as required by local codes, in
crawlspace walls (check for changes in codes, as the require-
ment for foundation vents is being reevaluated in certain areas).

. Consider "engineered" joiste - wood |-joists or floor trusses — in
place of dimensional lumber such as 2x10s or 2x12e.

3. Set band joists and floor joists on top of capillary break, such
as termite shield, sill sealer material, or polyethylene.

4. Glue subfloor to band joists and framing around openings, as in
the case of basement stairs.

B. Lay plastic vapor barrier on crawlspace floor.
©. Seal all holes through floor as home is constructed.

N

Figure 1-7
Crawlspace or Unconditioned Basement 4 )
/

Band joist

Anchor bolt
Pressure-treated sill plate
Termite shield

Foundation drain and gravel

6-mil plastic vapor barrier

Plastic capillary
break
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Step-by-Step Energy Efficient Construction

4. Floor — Conditioned Basement

See details for crawlspace floors; after foundation wall is built:
1. Caulk under termite shield.

2. Install termite shield, seal all joints and holes for anchor bolts.

3. Place sill sealant material.

4. Predrill pressure-treated sill plate — bolt in place.

5. Set joists.

6. Seal seam between band joist and sill plate with durable caulking —
either between joists and plates or from outside after floor framing
is completed.

7. Caulk subfloor to band joist.

&

Waterproof wall.
. Install interior framed, insulated wall.

©

Figure 1-8
Interior Framed, Insulated Wall

Band joist seal Subfloor Band joist fully

(applied between insulated
joist and plate)

~_Anchor bolt - seal
penetration

Tel;inipe shield

/ e Drywall
Eart

Framed wall built following wall insulation
guidelines — do not install vapor barrier to
allow drying to the interior

10
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5. Insulated Floor

|
Figure 1-9
Insulated Floor

Seal all holes and penetrations

R-11 to R-13 floor insulation (R-19 in
through floor

/ northern Louisiana)

Rigid wire insula-
tion supports

. .

Seal and insulate

\ band joist area

N Seal air leaks in wall
and install R-11 to R-
‘ 13 insulation

M-ooooooj'oooooooyo

Line of conditioned
building envelope

Basement stairways (or other stairways or
plenums from conditioned to unconditioned zones)
— determine location of conditioned building
envelope. FProvide a continuous layer of insulation
and an air barrier across the envelope.
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Step-by-Step Energy Efficient Construction

"Ladder"
T-wall
framing
detail

6. Wall Framing

Three-stud
corner detail

Sill sealer

Figure 1-10
Wall Framing

1. In corner, use single stud corner, or double stud
corner when using wood siding with vertical
cornerboard trim.

2. Use metal T-brace or 1 x 4 let-in bracing for Corner framing detail with
corners. vertical co;negridlia:ard and

3. At partition wall (T-wall) intersection, eliminate "o ’

additional studs for nailing drywall; use
"ladder" instead.

. Add 1/2" foam to structural headers.

. Cover wall with 1/2" foam sheathing, including

band joiste and second top plates.

6. Before lifting wall in place, attach sill sealant
material to subfloor or apply a double bead of
caulking.

Drywall clip g

o »
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7. Wall and Ceiling Detailing

Figure 1-11
Wall and Ceiling Detailing

Raised top plate or raised heel Attic storage areas — add 2x4
By stacking the wall trusses provide ample room for framing on edge on top of joists to
insulation allow room for insulation

framing, ceiling joists,
and rafters, the second
top plate of the wall is

not needed
Continuous coverage of
R-30 insulation
]
—— T e T
SN
Ihsulated attic cover — Sealed attic
N| either attached to attic door access or
\\If using single or foam insulated cover place in
to late, uncondi-
studs should tioned space
be 11/2"
longer
N
>‘\

A N

AN

[C

Continuous foam sheathing with wall drainage R-13 exterior wall insulation (R-13 to R-21 in
plane — either sealed housewrap, sheathing northern Louisiana), including all wall areas
with taped joints or 30-pound roofing felt between conditioned rooms and exterior or non-
installed shingle style. In areas with over 50 attic unconditioned rooms (such as garages and
inches of rain per year, create an air space other unheated rooms.) In walls between condi-
between the siding and sheathing using furring tioned spaces and attics, such as knee walls,
strips use a minimum of R-19 insulation

. _______________________________________________________________________________________________________________|
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Step-by-Step Energy Efficient Construction

8. Seal Holes and Penetrations
]

Figure 1-12
Sealing Holes and Penetrations

Seal plumbing penetrations

1. Cover all chases and framing open to attic with drywall or other
fire-resistant sheet good. Seal all holes and cracks in cover.

Locate plumbing on interior walls.

. Use firestop-rated caulk to seal holes into attic.
. Insulate behind tub or shower unite on exterior walls.

CGEENECIIN

. Seal under tubs and showers, especially
the drain piping.

©. Caulk between drywall and

piping penetrations.

Seal electrical penetrations
1. Seal holes through bottom
plate.

2. Use firestop-rated caulk to
seal holes into attic.

3. Caulk between drywall and all
electrical boxes, including
receptacles, switches, and
lights.

4., Minimize use of recessed
lights; where used choose IC
(insulated cover) lamps that
also have airtight ratings.

14
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9. HVAC Systems

Figure 1-13
HVAC Systems

1. Size for heating and cooling load using Manual J techniques.
2. Size latent (dehumidification) load for cooling system.

3. Compare cost and projected energy savings of at least 3 HYAC contractor
bide and 3 equipment options:

a. Minimum efficiency: SEER 10-12 cooling, AFUE 0.76-0.60
furnace, HSPF 6.8-7.2 heat pump

(new code changes may disallow this lower efficiency cquipment)

b. Moderate efficiency: SEER 12-135 cooling, AFUE .60-.64
furnace, HSPF 7.2-7.6 heat pump

c. High efficiency: SEER 15-15 cooling, AFUE .90+ furnace,
HSPF 7.6-86.2 heat pump

4. Consider a single, automatically controlled zoned system instead of
two or more separate systems.

5.When selecting a contractor, don’'t just go by price:
a. reputation for quality
type of duct system
number of returns
sound muffling components
willingness to ensure and test for pressure imbalances, proper
airflow, and airtight ductwork

® 80w
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Step-by-Step Energy Efficient Construction

10. D”thork Figure 1-14

Duct Testing Fan Setup
|
Fan control
switch
1. Design ducts using Manual D methods; puct testing
locate as much ductwork as possible in Registers /  return grille
conditioned spaces sealed from outside. zf;'ffape /
2. Install returns in each room with a closeable

door and more than one supply.

3. Undercut doors in rooms with a single
supply by a clear 3/4" to 1" above
flooring/carpet.

4. Seal ducts with mastic or mastic and fiber s
mesh — use guidelines in Chapter &.

5. Test ducts for air tightness.
6. Test home for pressure imbalance problems.
Figure 1-16
Sealing Flex Duct Takeoffs
/ Attach flex-
y duct to take-
- AV off collar with
Removable tape Mastic strap

Many air handler cabinets come from the factory
with leaks. Use mastic to seal holes and seams.
Seal removable panels with cloth or metal duct

tape.
i Apply mastic
P tPFlgure1-:5b I to seal flex-
revent Pressure Imbalances duct to collar
and collar to
plenum
a—l—
<3 - |- = Closed doors
isolate supplies
@ Q ’@,_/ f:g:ar:"af Pull insulation and
install sepa- outer liner over sealed
_ﬁ ﬂ ﬁ rate returns in take-off; strap outer
= rooms with 2 or liner in place
H | more supplies
C> or put in —

"jumper ducts"
or transfer
grilles between
spaces
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Notes:
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Step-by-Step Energy Efficient Construction

Notes:
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